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The transmitter of a two-frequency dispersion interferome-
ter was placed on Mars-2 to study the integral characteristics
of ‘the space plasma. Two sign&l%w@f coherent frequencies were
emitted during the communieationtsessions from the space station,
and the difference in the phases?of these signals Qas‘measufed

at a recelving point on the Earth which equalied

)

Pp= — (rr—1)N

mefy (D)
where e and m are the charge and mass of the electron; c- speed of
light; N=[Ndl

I

- Integral electron concentration on the propa-
l

- gation path L; f and f - frequen01es of coherent ' signals which

under real experimental condltlons lie in the decimeter and

centimeter wavelength ranges and puh/ﬁ=ﬁ’. ; This method fmakes

it possible To measure only the ﬁariations Nn* since the expected

values ﬁ&52Q E
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'Figure 1 shows a simplified diagram of the interferometer.
The.traﬁsmitting device consisté of the decimeter transmitter.
1 and the centimeter“transmitteﬁn*?T"”The“centrmeter trans-
mitter represents a frequency m@ltiplier with p = 4 and an ampli-
fier. The output signals of the decimeter and centimeter ranges
enter the individual exciters oq the pencil-beam anfenna which
was oriented towards the Earth during communicatiocn sessions.

o E -

The antenna system on the ﬁarth recelved signals in the
decimeter and centimeter ranges; which entered the receivers
5 and 6. The output devices of these receivers were low-noise
parametric amplifiers. A calibﬁation method was used in the
recelver system to improve the phase stability of the line:
pulsations of a calibrated heteﬁodyne 13, whose frequency
differed somewhat from the frequﬁncy of the signals, entered
the I1nput of the receivers 5 and'ﬁr Pulsations with frequencies
egualing the difference in the f?equencies of the callibrated
heterodyne and the signal, from the output of the receivers 5 and
6 entered the selective amplifie}s 7 and 8.  The stability of
, these freguencies was provided b& & system of frequency-~-phase
self-adjustment 11, which received the signal from the selective
amplifier 7, and which controlle@ the frequency and phase of the
generator of the calibrated heterodyne 12, The signal from the
amplifier 7 was also supplied toéthe p~fold frequency multiplier
9 and then to the system recording the phase 10, which received
the signal from the amplifier 8.; The EPP-09 and N-102 recorders
continuously recorded the valuesiof ?g(t) during the measurement

sessions. , g
i
The automatic interplanetar& station Mars-2 was launched
on May 19, 1971 and reached thisiplanet on November 27, 1971.
There were 16 measurement sessio%s during the flight between

June 29 and November 19. . As.aﬂrule;_theqmeasurement.sessions
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were conducted diuring theIEVEning

: and night hours, and lasted from

|
!
|
|

B /) S 7 o ﬂ~.:7fj;8 to 50 minutes. The session on

L3fJuiywl3m@@nsisbgdwof three inter-

. _‘_%vals which were scattered in time,
5 P ;{mf /i and the sessions on September 22,
4 . September 27 and Novembgr 10 were

T teem . L . — . - PR

divided intc two intervals.
“Figure 1. Block diagram of ’
dispersion interferometer

The varlations in 'the inte-

. gral electron concentration AN,
were determined according to formula (1) from recordings of the
reduced difference of the phasesng(t) obtained during the
measurement segsions, Figures 2'and 3 give two very different
recordings of 9 (t) ohserved in the sessions of July 18 and
September 22. Durlng the se551on on September 22, the values of
?@~changed slowly and changed th§1r~51gn, but during the session
on July 18 @ changed rapidly in‘one direction, increasing. This
" indicates that there was a. decrease ‘inzthe integral electron

concentration during the measurements. /758
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The results of processing the experimental data for certain
sessions are given in Figure 4. |For purposes of clarity, the

curves in the figure are displacéd along the time axis with

|

The basic results of the ob%ervations for all of the

respect to each other. :

sesslons, and also -the condition$ under which they were conducted,
are given in the table which indicates the date, time {Moscow),
beginning and end of measurementé, distance D to the station,

- rate at which the angle é changeé, maximum changes in the inte-

gral electron concentration AN, ,iand their mean VEIOCity'Nﬁ;"
|
|
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Flgure 2. Example of recordlng of @ (t) during the session of
July 18, 1971.

The measurement time is plotted on the abscissa axis; the phase

difference in degrees is plotted, on the ordinate axis.
%
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Figure 3. Example of recording of ? (t) during the session on
Septembeﬂ "1971
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(ED‘-‘_& | ileeslep] Sessu:n ' b 4400 AN 10 P
123 LA, beglnn:l.ng lend” D Ly 107 N 107,
LI = Aokt A T _padfeck o | enan et
Ilhr nll Lhr mlnllbil,ll'klﬁ’ irad/sec|. seq
20V1 1. 05.42 06.00 C 97 ~18  [~108;-145 | —26; 22
3VIE | 0053 |- o105 | 13,2 21 -1, 16
S DU 00 I E: T U 1] WS - - —8.6 289
al.48 [ - 02,405 o 124 1.2
1S\ﬂ1.p' 02,20 03.12 14,6 0,20 —07 —3,7
AVILS | © 01.58 02.17 16,5 o1 19 —15; 08
1°IX 2305 0005 | 46,7 | . —18 44 1.4
22, D\. ;-i‘ S21.28 21.48 55,8 04; —1.2 | 34 —28 0,5 —05
- 922.30 . 2245 R PR 10 -
MIA 22,19 22.27 - 60,8 —1,2 08; —1 06; —0.7
22.37 22.45 —-0.8 ~0.8
07.x 5 23.20 23,28 71,6 —2,7 146 30
X - 18.36 18.44 ~ 78,2 L2 52 15
18X | - 21.42 21 .51 C 84,3 —2,7 33 22
22X, 21,30 21,56 ' k. 89,6 —17 145 6.3
tax 18,14 . 18,207 [ 95,0 L —4,2 —14
10X1. * 19.53 Co20.00 0 F 113,30 - =02 —09" ~2,2
‘ 20.12 20.29 S ‘ 183, —144 ) 67 ~6,7
15X1 - 17,39 17.53 119,9 2,8 —i4.h; 20 | —22; 1.7
18X 16.42 . | 17.02° .| 1239 37 ~31,0 29"
19.X1 | 17.01 Cizaae2 - 125,3 .34 20

¥ Commas in numbers represent decimal points
& (

In the group of sessions represented in?Figure y,
variations in the integral electﬂon concentration AN do not
‘exceed -6-10" e~/ in terms of absolute value. The relatlons of AN
‘(t) for these sessions are characterlzed by small chahges in

,Whth a frequent change 1n the 31gh

AN during the observationsg

of the
AN

were hrief fluctuations in the integral electron concentration,
which comprised 10 - 15% of the total value of AN during the
During the sessions on July 18 and September 22

measure

(Figure 5), the greatest changes were reported 1n the integral
electron concentration, which exqeeded by at least several

factors:

derivative N

ments.

In the other sessions, the changes in

the variations observed

1

|
|

sometimes reach values of 1.5 diO”cw-?
AN (t) for these sessions was more monotonic, although there

The behavior of curves

the

during the other sessions. - -

/759
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Figure 4. Dependence of ANn on the observation

time for sessions on July 24, September 12, _
September 22, September 27, October 13, October 18,
October 27 .
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~which were reéorded| during the s

The relations obtained for AN {t)lwere due to a change in the
integral electron concentration Fiong the radio' communication
line passing through the, 1onosphere.p£ the Earth and the inter-

PR 8

planetary plasma. Comparatively small values of VarlatlonSEfﬂFany
[essions, are shown in Flgure L
In order of magnitude, these values colncide with changes in

the integral electron concentrat}on of the ionosphere of the

Earth, which were repeatedly observed by means- of artificial

Earth satellites [2, 3]. From this point of view, the sessions

- on September 22 and July 18 are bf great-interest«(Figure 5),

where anomalously high variations in ANn were observed. During

fhe session on September 22, there was a monotonic increase in

the integral electron concentration by a value of AN.=1,45:10" cx~]

in = 26 min, to WhichﬁN;zgibiO“cniﬂfsecul corresponds. In the pre-—

ceding session of September 18 which was carried out during the

same period of time (~ 22 hr), a very slow change in AN was
recorded, by a value of 'Awﬁq&§qon&wjf, and in the subseguent
session of September 27, which lasted for 18 hours, the value
of AN, waS'M.Z-loll em™2, Thus,gthe change during the session
on September 22 exceeded by more?than an order of magnitude

the variations observed 1n 31m11ar sessions.
:

Two assumptions may be adva@d@d for the reason for this
‘

occurrence. It could have been caused by a powerful fluctua-
tion 1n the integral electron co%centration of the terrestrial
lonosphere N au® °F by the passagé of a region of high concentra-
tion of the interplanetary plasma through the communication line
with Mars-2. |
r
L

To examine the first assumpﬁion, it is necessary to know
the state of .£the ferrestrial ion&sphefe during the-measurements,
and in particular Nnu' To deter@ine Nnu’ information was used
on the oritical frequencies and half-width layers ¥, based on
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data from ionosphere stations onlthe Earth and based on fore—
casts [4]. Assuming a parabolici model for the reglon F2 and
assuming [5] that the integral eieotron concentration above the
layer maximum exceeded(by a factor of” threeﬁthls Value beloq
the maximum, we find that the Value of N equalsl_1013 cm_"'2

- during the measurements along the beam on Septemher 22. Conse-

quently, the increase in ﬁN recorded on September 22 in ~26 min
exceeded by a factor of 1. 5 thel value of N nut Such variations
in the 1ntegral electron concentratlon of the terrestrlal J1onosphere

were not; encountered T In addltion, as estlmates show thls change’

cannot be explalned by a decrease in the location angle of the
station during the measurements.’

Thus, the event recorded oniSeptember 22 could be caused
only by effects of the interplanetary plasma. One of the possible
reasons causing changes in the iptegralaelectron concentration
of “the interplanetary plasma could be that pulsed corpuscular
streams, moving radially from the Sunﬁpassed through the communi-
cation line during the measurement session. Thege streams were ilég
repeatedly recorded during the fﬁight of Pioneer-7 [6]. These
events could also have been caused by the communication line
belng intersected] by a rotating sectorlal structure of the solar
wind, whose boundary, as is known [7], contained a reglon cof
high concentration of the 1nterp1anetary plasma.

|

During the session on July ?8 from the beginning of the

measurements, there was a rapid monotonic decrease In the inte-

.gral electron concentration overV~26 min at a mean velocity of

n = =37 109 cm_2 sec _1. The total decrease during this time
was  AN,[=/R7-10° cu™] The value of |AN.|] reached a minimum value
in 02 hr 46 min, after which- theFe ‘was an-inerease by ~fl““(ﬂ"],

and a subsequent small decrease to the end of the session.

b
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Dﬁfiﬂé“thedﬁreeeding segsionsg on July 13 and the‘subseQﬁent
sessions on July 24, which lasted the same amount of time,

|

there were variations in ﬂN » wWhose absolute value did not

2= e e e e

exceed 1.3:10 cm

Using the same procedure as for September 22, we may deter-
mine the value of the integral edectron concentration of the
terrestrial 1onosphere of the beam N during the measurements.
This value equals 2.5- 1013 ém” J S0 that the decreasing AN,
observed on July 18 exceeded by QS% the value of N au? and could
not be caused by a change in the location angle of Mars-2,
since the session was carried out close to the culmination of the
gspacecraft. Variations such as ﬁhis occur in the ionosphere of
the Earth [2, 3], but they repr%sent a very rare phenomenon.
Therefore, it can be assumed thqt the change in ANn observed on
July 18 could also have been ca%sed by the effects of the inter-
"planetary plasma. Thus, out of QGWmeasurement sessions carried
out on the interplanetary portion of the flight:of Mars-2, in
two cases there were anomalouslyihigh variations in the integral
electron concentration, which we%e apparently caused by the non-
uniform structure of the interplpnetary plasma.

|
The aunthors would like to thank M. A. XKolosov for constant

help in the work. |
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